Abstract-Distributed energy resources have numerous benefits, of which is transmission network upgrade deferral. This application is particularly important where there are constraints in upgrading of the existing or construction of new generation units and transmission circuits. This paper presents a cost comparison of the central plant option and DG in meeting additional load demand. The economic analysis for a twenty-year planning horizon is carried out in this study using present worth factor. The results obtained with a 30-bus test radial distribution network using MATPOWER show the economic viability of DG when compared with upgrading the existing substation and feeder facilities, especially when incremental load is considered.
time duration (hrs) P Di j active power demand at node i at load level j P DGk DG active power injected at node k P L t total network power loss at tth year α annual load growth rate I. INTRODUCTION Distributed energy resources (DER) systems are smallscale power generation technologies that could be employed to provide an alternative or a supplement to the conventional central generating plants. DER is usually connected to the utility grid at the customer site via a point of common coupling (PCC). DER is a superset of distributed generation (DG) units and energy storage technologies [1] . Energy storage technologies such as batteries, flywheels, pumped storage, etc, are required for those renewable energy sources that are stochastic in nature.
Given the ever-increasing customer demand for electric power energy, the need for system improvements is inevitable in the electric power industry. Over the past decades, high electricity demand and insufficient capacity have resulted in blackouts, equipment failures, high peak prices, etc [2] . Unfortunately, economic and environmental constraints have restricted upgrading of the existing or building of new generation and transmission and distribution (T&D) facilities. Given this scenario, it becomes imperative to look for an alternative generation, in form of DG, to supplement the traditional central plants in order to meet the required power demand. Fortunately, this option would not only solve the constraint problem, it has also been proved to be economically more viable even than expanding the existing system facilities to serve additional load demand.
Usually T&D planners look carefully at long-term power demand during the design and try to forestall any initial load growth requirements. This is often done by building T&D facilities with considerable margin, typically of 50 % in excess of the existing load to cater for the future load growth [3] . However, the current trend in the demand for electric energy in many countries today may soon consume the tolerance provided. This creates an incentive for DG applications, to tackle the problem.
The focus of this paper is to present the comparative cost analysis between DG installation and expansion of the existing substation and T&D facilities. The results obtained using a 30-bus radial distribution test system for 20 year planning horizon shows the cost effectiveness of DG over that of system upgrading. All the results presented in this paper are produced with the aid of MATPOWER [4] run in MATLAB environment.
II. BETWEEN DG AND CENTRAL GENERATION Distributed generation (DG) refers to the application of small sized generators ranging from a few kilo watts to a few hundreds of mega watts, usually connected to the distribution/sub-transmission network of a power system. DG could either be connected to the utility system at the site of the customer or isolated from the grid, to be run in stand-alone applications. Presently most types of DG utilise the traditional power generation paradigms such as diesel, combustion turbines, low-head hydro or other rotating mercenary. However, fuel cells and renewable power generation technologies, which include wind, solar, geothermal, biomass, etc, are also used for DG in addition. DG fundamentally differs from the conventional central plant in the approach of power generation and delivery to the end users.
On the other hand, central generation whose primary energy sources include water (hydro-power plants), fossil fuels, and nuclear elements is still currently used worldwide to produce the bulk of electric power. Generation is normally in a remote area, and transported to the load centres via wires system. The capacity of these central generators ranges from 150 MW to 800 MW [3] . The large stations, both in terms of physical size and facilities requirements often make site selection and procurement a big challenge. Usually, one or more generating units are clustered together at a generating plant. This operation results in economies of scale since fuel loading, switching equipment, and other facilities are shared, thus lowering the unit cost of generation. However, this conventional means of generating electricity has adverse effects on the environment.
DG has a number of benefits over the conventional central power plants. However, it comes along with a few challenges required to be mitigated as it connects to the grid. A few relevant benefits vis-a-vis the conventional system are briefly discussed in this work as follows.
A. Higher Plant Efficiency
The thermal efficiency of the existing large central power plants is in the range of 28 to 35 %. This is against that of DG of between 40 and 55 %. In fact, efficiencies of higher than 80 % could be achieved when a microturbine for example, is run in combined heat and power (CHP) applications [5] . This is possible with high technology of better performance in DG.
B. A Shrinking Economy of Scale
While large modern generators have a fuel economy advantage over small modern ones, technological advancement has greatly improved smaller generator designs more than larger ones. The reasons for this improvement range from technological advancement in fuel conversion, shifts in fuel prices, automation and control [3] .
C. DG Avoids T&D Costs
The fact that DG is closer to the customer makes it to have an economic hedge over the central generation and its associated T&D system, by eliminating the need for new T&D lines. T&D is often known for its significant cost and it is also mostly responsible for a good deal of the service reliability problems experienced by customers.
D. Modularity Advantage
Most DG units are factory-assembled, built to a common design, as against the central station plants that are usually custom-designed and built on site. The advantages of modularity of power generation units are easy and fast installation, to meet the immediate need of the customer.
E. Environmental Impact Reduction
Presently most central generation units run on fossil fuels, the by-products of which are greenhouse gases that can cause climate change. This is a serious environmental threat that requires urgent actions. On the contrary, most DG units emit very low pollutant, while some produce zero pollutant. Therefore adopting DG technologies in the generation of electric energy would greatly improve the quality of air.
F. Increased Power Reliability
DG can avoid or reduce power outages associated with the grid that can result in operational downtime. This can be achieved in both modes of DG connection -parallel and roll-over modes. Industrial and commercial customers whose services require a high level of electric power could find solace in this application by investing in DG.
III. PRESENT WORTH ANALYSIS
Present worth analysis is a method of measuring and comparing values, costs and savings that occur at different times on a consistent and equitable basis [3] . Present worth factor is a decision making tool, which represents the value of money in one year to come based on today's assessment. In other words, the value of money at any future time can be converted to its equivalent present worth. For example, the present worth of one hundred USD as a function of the next twenty years with an annual discount rate of 9 %, computed from eqn (1), is plotted and shown in Fig. 1. where γ t is the present worth factor at t th future year, and dr is the annual discount rate.
It is worthy to mention that distribution planners usually plan with constant-value dollars by assuming there is no inflation in the future years, while computing the present worth values.
IV. A CASE STUDY
The system obtained from [6] is an 11 kV distribution system having 29 load buses and 1 source bus. It has a main feeder and three laterals as shown in Fig. 2 . Although the load composition of the distribution system is not stated, the loads have been modelled in this work as composite loads consisting of 46 % constant power, 31 % constant current and 23 % constant impedance. This is done to reflect the real life scenario load modelling of distribution systems. The test system is slightly modified 
to have basecase active and reactive power capacity of 6.220 MW and 3.858 MVar respectively. Assuming an annual load growth rate, α of 1.7 % at a constant power factor across all load buses, using eqn (2), the present loading would have grown by 40 % over a period of twenty-year planning horizon. At this loading condition, it is found that the system under study has been overstretched. This is evidenced in the voltage limit violations pronounced in buses 23 to 27, though not shown.
where T p is the horizon planning period.
A. Problem Formulation
The objective in this study is to minimise the system power loss as DG units connect to the grid. Minimising the active power loss is considered in this paper as maximising the difference between the active power loss of the network without and with DG installation on the system. The expression for the network active power loss on line m at zero th year (basecase year) is presented in eqn (3).
where G m(i,y) is the conductance of line m, which connects bus i to bus y, V i is the bus i voltage magnitude, and δ i is the voltage angle at bus i. With an annual load growth rate α, and a loss rate constant β, the total power loss at t th year in the system is given by eqn (4). Equation (5) represents maximising the difference between the active power losses of when DG is not placed and when placed in the network at j load level over the planning period, T p .
It should be noted that maximising a function f(x) is synonymous to minimising -f(x), hence eqn (6) is obtained from eqn (5).
The following system bound constraints are considered in this study: bus voltage constraint: feeder power flow constraint: DG power generation limit:
The DG capacity is limited to 30 % of the maximum feeder load demand to avoid power quality or voltage regulation problem [7] which could arise as DG penetration level goes higher.
B. DG Investment Cost Calculation
Although cost alone cannot be sufficient for complete evaluation of DG, reliability and power quality are also essential components of decision making; it is often the primary consideration, since the goal in most planning situations is to select the lowest cost option that meets the target reliability and power quality levels [3] . To carry out a fair evaluation, it is crucial to include a comprehensive assessment of all costs involved, both for every DG alternative and for any T&D options to which they are being compared.
Generally speaking, costs are characterised in two ways -fixed and variable costs. Fixed or initial costs in this wise include DG purchase, land purchase and preparation, electrical installations, etc costs. They are put under purchase and installation cost in this study. On the other hand, variable or continuing costs are those costs associated with the units that are available and in service. Examples of these are tax, fuel, repairs, labour, etc costs. They vary with the amount of usage. Both fixed and variable costs are termed investment cost of DG, which is formulated and presented in eqn (10).
On the other hand, the overall cost of T&D expansion in the conventional central power generation includes substation and feeder expansion cost, operation and maintenance, tax, additional energy purchase as well as the power loss cost. The market data used in this study is presented in Table I . 
V. RESULTS AND DISCUSSION Without DG, the overall system power loss at 140 % basecase loading is 0.7697 MW. Using eqn (6), the change in power loss is computed when a DG unit of 2.6 MW is placed in each of the load buses. This size was obtained using the grid search method using MATPOWER package, bearing in mind the system and DG capacity limit constraints. The results are plotted in Fig. 3 . From the figure, it is visible that the optimum DG location is bus 24, since the highest change in power loss is recorded there with DG connection.
To calculate the annual energy loss cost, three load levels are assumed -light, normal and heavy loading conditions. This is presented in Table II. The results in this  table are obtained using the market data of Table I. In the same vein, Tables III and IV are presented to demonstrate the cost-effectiveness of adopting DG rather than expanding substation and feeder facilities to meet the ever-increasing customer demands. With an annual discount rate of 9.15 %, it is revealed in the study that a net discounted savings of approximately 14.1 million USD would be made by the DISCO in the horizon period by installing 2.6 MW of DG on the system under consideration, rather than expanding the substation and the main feeder, to enable it withstand the additional power demand. Annual discounted cost is obtained when the present worth factor; PWF is applied to the future years.
VI. CONCLUSION Distributed generation has numerous benefits, of which is transmission system deferral. This application is particularly important where there is network upgrading constraint. This paper has presented the relative benefits of DG to the conventional power generation method. Some of the benefits briefly covered in the literature include higher system efficiency, modularity advantage, environmental impact reduction, increased power reliability, to mention but a few. In the work, an economic analysis for a twenty-year planning horizon was carried out using present worth factor. The results obtained using MATPOWER package showed the economic viability of DG when compared with upgrading of the substation and feeder facilities, especially when incremental load growth is put into account. 
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